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SUMMARY

A study was conducted to estimate the phenotypic, environmental and genetic 
changes occurring in populations of Angus (A) and Hereford (H) cattle in Vir
ginia as a result of 20 to 30 years of performance testing. Over a period 
of five cattle generations 205-d weaning weights (WW) increased about 30 kg 
in each breed. The evidence indicated that more emphasis was placed on sire 
than on dam selection. Estimates of both sire and dam trends were positive 
for most of the 13 A and 11 H herds studied, with most change occurring in 
the later years. The maximum likelihood method of estimation appears to be 
the more desirable method for these data.

Other evidence of change was obtained from data on ROP bulls that over a 
25-year period increased in test gain by .3 kg/d and 100 kg in 12-mo weight 
in both breeds. Hip height measurement taken from 1974 to 1984 showed an 
increase of about 6.4 cm while decreasing in back fat thickness by about .33 
cm. A comparison of ROP with other bulls used in breeders' herds showed off
spring of ROP bulls to wean 1.45 and 4.4 kg heavier in 15 A and 18 H herds.
Also young vs old ROP bulls used AI favored offspring of young.bulls by about 
4.5 kg at weaning.

INTRODUCTION

Individual merit, based on performance records, is the most important 
known basis for changing a population through selection for specific traits.
By the early 1950's sufficient research had been conducted to demonstrate 
that cattle populations could be changed through systematic selection programs 
(Marlowe et al., 1958, 1982). Consequently, Virginia cattlemen, with leadership 
from their land-grant college and breed associations, set about in 1953 to 
establish an on-the-farm testing program, followed in 1958 by a central ROP 
test station for young bulls. By 1950, approximately 10,000 head of young 
cattle, mostly purebred Angus and Hereford, were tested annually. Later, 
two more central bull test stations were opened to meet the demands of breeders, 
so that 500 to 600 bulls are tested annually. An equal number, or more, are 
tested on the farms of Virginia BCIA members. Eight ROP bull sales are con
ducted. annually to make these bulls available to cattlemen for use in both 
purebred and commercial herds. This report attempts to evaluate the influence 
of this program on A,ngus and Hereford herds in Virginia.

DESCRIPTION OF CATTLE POPULATIONS DURING THE 1950'S

During the 15- to 20-vear period prior to the introduction of performance 
testing, there was a preference among purebred breeders for the smaller cattle 
with short legs, short bodies, large chest circumference to height ratio and 
extreme masculinity in young bulls. Because of this preference, cattle judges 
and breeders had unknowingly favored the heterozygote for snorter dwarfism 
(Marlowe, 1964). Consequently, cattle were growing at a slower rate,'with 
correspondingly light weights at weaning, as yearlings and at maturity. In
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the early days o f performance testing, nearly a l l  Hereford herds and many Angus 
herds in V irg in ia  carried the dwarf gene, with varying degrees o f in tensity .

DATA, STATISTICAL METHODS AND CONCEPTS OF STUDY

Data fo r th is  study were the weaning weights (WWT) o f a l l  progeny produced 
in 13 Angus and 11 Hereford herds that had been in the V irg in ia  BCIA program 
continuously fo r  20 to  30 years. The number o f calves weaned per herd per 
year ranged from 26 to 285 for Angus and 23 to 97 for Herefords. There were 
27,774 Angus and 14,738 Hereford records in the analyses. WWT were adjusted 
fo r the e ffe c ts  o f age o f dam and sex and age o f ca lf (to  205 d ). A genetic 
group (major c lass) was a herd-sire year-dam year (HERD-SYR-DYR) combination. 
There were 3,138 such groups o f Angus and 2,019 Hereford groups. Within a 
major class, individual sire-dam combinations (matings) produced the corres
ponding number o f records in each breed. There were 1,061 s ires  and 7,732 
dams involved in the Angus and 512 sires and 4,304 dams in the Hereford breeds. 
The average number o f progeny per s ire  was 29 for each breed.

Weaning weight ra tios  (WWR) were computed for each c a lf  as the ra tio  
o f adjusted 205-d weight to the average o f the contemporaries' adjusted 205 
d weights,, where a contemporary group was composed o f calves o f the same herd, 
year, season, sex and management group for each breed. The adjusted WWT,
WWR and deviations (DEVN) from year-season-management group averages were 
analyzed separately as independent variables in subsequent analyses.

Two main approaches were taken to obtain estimates o f phenotypic, environ
mental and genetic trends. The f i r s t  approach was a series o f regression 
techniques, essen tia lly  lik e  those o f Smith (1962) and recently used by Zo llin g
er and Nielson (1984). Total genetic trends were also computed using Powell 
and Freeman's (1974) modification o f Smith's procedure which is  assumed to 
elim inate the bias due to  nonrandom mating and cu lling o f females. This ap
proach [(AD -  h^*0(P -  PCont) ' WNYR/herd,sire] measures the within s ire  trend 
o f dam's add itive genetic merit re la t iv e  to a l l  possible mates, thus, adjusting 
fo r nonrandom mating. The regression is  multiplied by h  ̂ o f the t r a i t  and 
weighted by two because only 1/2 o f D is  transmitted to  the o ffspring . The 
estimate o f add itive genetic superiority o f dams over time that is  associated 
with female cu llin g  was estimated as &A = (|§dam age • WNYR/herd,sire -  0 dam 
age • WNYR/herd). Thus, weighting the estimate o f genetic trend by 1 + AA 
is  assumed to adjust fo r the trends associated with keeping older cows.

In the second approach, the maximum likelihood (ML) mixed model computer 
program of Harvey (1982) was used to estimate constants fo r fixed  e ffe c ts  
and to obtain polynomial regression co e ffic ien ts  (PRC) fo r estimating trends.
To obtain the phenotypic trends, in the f i r s t  run, herd e ffe c ts  were absorbed 
into the y equations and only e ffe c ts  o f weaning year (WNYR) were f it t e d .
A ll other e ffe c ts  were ignored. PRC's fo r WNYR obtained accounted fo r the 
phenotypic trend (AP/yr). In the second run, the herd - s ire  yr - dam yr 
(major class) e ffe c ts  were absorbed by least squares (LS) and the random e f 
fec ts  o f a l l  matings (S ire  and dam) within the major classes were absorbed 
through ML into the major class equations to estimate the environmental trend.
A rep ea tab ility  o f .40 fo r matings was assumed to obtain solutions fo r the 
WNYR constants. PRC's obtained in th is run for WWT gave the environmental 
trend. The regression fo r WWR and DEVN s im ilarly  estimated the true genetic 
trend.
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In the la s t two runs, an attempt was made to  partition  the to ta l genetic 
trends into s ire  and dam components and these estimates were compared to the 
corresponding estimates obtained from the former procedures. To obtain the 
s ire  trend, herd and s ire year were absorbed by LS and random sires by ML proce
dures. A ra tio  o f s ire  to phenotypic variance o f .12 was assumed fo r the ML 
absorption. The e ffe c ts  o f dam were ignored and e ffe c ts  o f WNYR were f it t e d .
To obtain the dam trend, herd and dam year were absorbed by LS and random dam 
e ffe c ts  by ML procedures, with a repea tab ility  o f .40. S ire e ffec ts  were ignored 
and the model f i t t e d  to WNYR. Both runs provided PRC's. (Nadarajah, 1985)

RESULTS AND DISCUSSION

The mean weaning weights (WWT) by breed and year c lea r ly  indicated an 
increase over the period studied. The means and SD o f Angus (A) and Hereford 
(H) calves fo r 1954 were 167 + 33 kg and 177 ± 28 kg and fo r 1983 they were 
205 ± 36 kg and 224 ± 42 kg for A and H, respective ly . Assuming a 5-yr period 
as a normal generation in terva l, the WWT yearly means were averaged into six 
generation in terva ls  and presented in table 1. These values show a to ta l 
increase o f almost 30 kg for each breed. The pattern o f increase is  illu s tra ted  
in figu re 1. The phenotypic averages and SD o f progeny WWT fo r d iffe ren t 
year replacement dams and for new sires showed the change that occurred in 
each breed as a resu lt o f selection . In both breeds, the mean WWT o f progeny 
by year indicated that the emphasis placed on s ire  selection  was re la t iv e ly  
larger than on female selection . This is  natural because o f the smaller number 
o f females ava ilab le  for cu lling each year. The within herd PRC's o f WWT 
on year ranged from -.34 ± .50 to 2.15 ± .31 kg/yr among the A herds and from 
-1.80 ± .21 to  3.07 ± .27 kg/yr among H herds. The pooled estimates over 
a l l  herds were 1.0 ± .10 and .88 ± .21 kg/yr fo r A and H, respective ly. The 
annual trends were positive for a l l  but two herds among the A. However, among 
the H herds, 4 out o f 11 showed a negative trend, although only one negative 
estimate was s ign ifican t.

TABLE 1. AVERAGE WEANING WEIGHT (KG) PERFORMANCE OF 
CALVES BORN OVER SIX GENERATIONS3

Generation Angus13 Hereford*3

1 (1953-57) 178 (1,139) 179 (545)
2 (1958-62) 182 (3,746) 195 (1,068)
3 (1963-67) 192 (5,096) 194 (2,596)
4 (1968-72) 192 (5,689) 194 (3,346)
5 (1973-77) 198 (6,305) 198 (3,756)
6 (1978-83) 205 (6,742) 212 (3,812)

^Assuming a 5-yr generaton in terva l. 
D( ) number o f observations.

Environmental E ffec ts . A ll known environmental e ffe c ts  (herd, year, 
age o f dam, sex and age o f c a lf at weaning) s ign ific an tly  influenced WWT in 
both breeds. The genetic improvement rea lized  was apparent from the highly 
s ign ifican t year e ffe c ts  and the linear increase in year constants.

Within Herd, S ire and Dam Genetic Trends. Estimates o f weaning year 
(WNYR) constants fo r  weaning weight ra tios (WWR) and deviations (DEVN), which 
are measures o f growth deviated from the contemporary group within year, season 
and management regimen, should include the true genetic change plus any sam
p ling errors associated with each estimate in each herd.
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Among the Angus, estimates o f s ire  trends were p os itive  in a l l  herds 
except one. The p os it ive  estimates for WWR and DEVN ranged from .06 ± .19 
to 1.25 ± .26 ra tio  units/yr and from .16 ± .32 to 2.88 ± .53 kg/yr and were 
s ign ifican t in nine herds. The only negative estimate was -.27 + .14 ra tio  
units/yr for WWR and -.70 ± .27 kg/yr for DEVN and was s ign ifican t (P < .05).
The magnitude o f s ire  trends was generally larger for herds that entered the 
program during the la t te r  years. Estimates o f the dam trends were also posi
t iv e  in a l l  herds except one. The positive  dam trends ranged from .16 ± .06 
to  .63 ± .08 ra tio  units/year and from .01 ± .15 to 1.75 ± .26 kg/yr, with 
11 o f the estimates being s ign ifican t. The only negative dam trend was s ig 
n ifican t but was not the herd with the negative s ire  trend.

Most o f the Hereford herds exhibited positive  s ire  trends but the estimates 
were s ign ifican t in only two herds. The few negative estimates were re la t iv e ly  
large but nonsignificant due to  the ir large standard errors. A ll herds showed 
p os itive  dam trends fo r the tra its  measured and eight herd estimates were 
s ign ifican t fo r both t ra its .  The range was from .05 + .11 to .93 ± .15 ra tio  
units/yr and from .19 ± .26 to  2.15 ± .29 kg/yr. Again, herds that entered the 
program in la t te r  years showed larger genetic changes fo r both s ires  and dams.

Within Breed Estimates from Pooled Herds Data

Estimates from Regression Analyses. The estimates o f s ire  and dam genetic 
trends for WWR and DEVN obtained from data pooled across herds were pos itive  
and highly s ign ifican t in both breeds. Among the Angus, the s ire  contribution 
appeared to be r e la t iv e ly  larger than the dam contribution, whereas, the re
verse was true in the Hereford breed. Values fo r the s ire  trends were .44 
± .04 ra tio  units/yr and .82 ± .09 kg/yr for A and .28 ± .02 ra t io  units/yr 
and .51 + .12 kg/yr fo r H. Corresponding values for the dams were .36 ± .02 
ra t io  units/yr and .72 ± .05 kg/yr for A and .40 ± .03 ra t io  units/yr and 
.79 ± .07 kg/yr fo r  the H. The WWR s ire  trend estimate o f .44 fo r Angus was 
in reasonable agreement with the estimate o f .51 reported by Zollinger and 
Nielsen (1984), computed from 15 intra-herd estimates, as was the estimate 
fo r dams with th e ir  estimate o f .34. Schaeffer et a l. (1981) reported genetic 
gains o f .67 kg/yr in A and .21 kg/yr in H ca tt le . Zabel (1973) reported AP 
o f .3 kg/yr in WWT o f 20 A herds over a 16-yr period. The AG was positive  
in 12 herds with an overa ll Ag o f .15 kg/yr.

Estimates from Maximum Likelihood Procedures. The ML estimation procedure 
was described e a r lie r  and denoted as run 2 for WWT and runs 3 and 4 fo r e s t i 
mates o f s ire  and dam genetic trends for WWR and DEVN in each breed. The 
environment trend estimates fo r WWT showed nonsignificant values o f -.35 ±
.10 for Angus and .03 ± .15 fo r Herefords. The ANOVA resu lts fo r WWR and 
DEVN in a l l  three runs o f the A data gave highly s ign ifican t WNYR e ffe c ts , 
as w ell as the lin ear and quadratic e ffe c ts  obtained from the PRC's. Corres
ponding analyses o f the H data fa iled  to show a s ign ifican t WNYR e f fe c t  in 
run 3 fo r s ire  trend; however, runs 3 and 4 fo r WWR and DEVN gave highly s ig 
n ifican t lin ear and quadratic e ffe c ts  and provided some insight into the pat
tern o f genetic change that had taken place in th is breed.

The WNYR least squares constants for WWR and DEVN obtained from the M.L. 
anlayses for H clearly describe the quadratic pattern of the genetic change.
The ML estimates o f the s ire  genetic trends fo r A were .40 ± .04 WWR units/yr 
and .72 + .07 kg/yr. Corresponding values for H ca tt le  were .25 ± .06 and 
.45 ± .12. Estimates o f dam trends were .32 ± .02 and .21 + .03 WWR units/yr 
and .55 ± .04 and .30 + .07 kg/yr for the A and H breeds, respective ly . Kennedy
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and Renders (1977) reported estimates fo r s ire  and dam trends in WWT o f 3.44 
± .83 fo r creep-fed and 1.51 ± .61 kg/yr fo r non-creep-fed Angus populations. 
Corresponding estimates for dam trends were -.32 ± .67 and .80 ± .48 kg/yr, 
respective ly . For Hereford s ire  trends they reported 1.63 ± .65 kg/yr for 
creep-fed and 1.34 ± .48 kg/yr for non-creep-fed calves. Corresponding values 
fo r  dam trends were .24 + .57 and .11 ± .42 kg/yr. These trends appeared more 
uniform fo r A than for H ca tt le . Curves fo r H ca tt le  were more o f a quadratic 
nature than fo r A ca tt le .

General Discussion

The slower progress o f Herefords during the early years, especia lly  in 
dam trends, caused a real decline in the lin ear co e ffic ien ts  o f the to ta l genetic 
trends fo r WWR and DEVN. The selection  practiced to  elim inate the dwarf gene 
during the early years may have contributed to th is  e f fe c t .  The s ire  and dam 
trends in both breeds showed a s ligh t plateauing e f fe c t  around 1968 to 1970.
A fter 1971 a rapid improvement o f genetic gain fo r growth and maternal a b il ity  
occurred. This situation is  believed to have come about because o f greater 
emphasis on the uses of performance tested bu lls, open AI, more attention to 
frame s ize  and perhaps more e f f ic ie n t  evaluation o f individual sires.

The estimates o f genetic change in WWR from both approaches showed that 
the two breeds were not a like but are comparable to genetic trends for these 
breeds reported by other workers. Rate o f change in the A breed for WWT and 
WWR were s lig h t ly  higher and re la t iv e ly  uniform, whereas, the pattern o f change 
in H herds suggests that during the early phase l i t t l e  attention was given 
to  selection  fo r growth and maternal a b il ity . In addition to  the dwarfism 
problem, breeders were changing from horned to polled ca tt le , which further 
compounded the problem. The upward trend a fte r  1971 corresponds to  the emerging 
o f the National Beef Improvement Federation (BIF) and the influence o f breed 
associations in developing their ROP programs. Prior to 1970, estimates of 
s ire  and dam trends in the H breed were negative, with a decline o f over .5 
kg/yr fo r  dams. But, during the period 1971 through 1983 a th ree-fo ld  increase 
in genetic progress was observed. The values during the period were .49 and 
.58 ra t io  units/yr and .96 and 1.02 kg/yr fo r s ires  and dams, respectively.

Another strik ing  observation was the robustness o f the M.L. estimates 
o f genetic change compared to the conventional regression procedures. The 
mechanics o f th is  procedure are believed to automatically adjust for the imper
fe c t  rep ea tab ility  and cu lling leve ls , thereby making i t  the preferred method.
The average annual genetic increase in WWT over the study period, estimated 
by the ML procedure, v/as 1.27 kg for A and .75 kg fo r H.

Other evidence o f change in these populations was the change in ROP tes t 
gains, 12 mo weights, hip height and back fa t  thickness o f young bulls. Based 
on 262 A and 148 H bulls tested in 1959-1963 and 563 A and 182 H bulls tested 
in 1981-1985, average daily gains (ADG) on 140-d te s t increased by .3 kg/day 
and 12 mo wt by 100 kg in both breeds. Likewise, from 1973-75 to 1983-85 hip 
height increased by 6.3 cm and 6.1 cm and back fa t  decreased by .30 cm and 
.35 cm fo r A and H bulls, respective ly. Marlowe and E lle r  (1968) compared 
the performance o f 736 offspring o f 16 ROP bulls with 1,633 o ffspring o f 66 
other bu lls used in 15 A herds. Offspring o f the ROP bulls outperformed the 
others by .009 and 1.45 kg in ADG and 205-d wt. S im ilarly , 18 H ROP bulls 
versus 41 other bu lls in 11 herds were superior by .018 and 4.4 kg in ADG and 
205-d wt o f calves. In a comparison o f young versus old (5 yr d ifference in 
age) ROP bulls out o f the same herds and bred AI to commercial cows fo r two
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or three c a lf  crops, calves sired by young bulls weaned about 4.5 kg heavier 
at 205 d in both breeds.

REFERENCES

Harvey, W. R. 1982. Least squares and maximum likelihood computer program. 
Mimeograph. The Ohio State University, Columbus, Ohio.

KENNEDY, B. W. and HENDERSON, C. R. 1977. Genetic trends among s ire  and dams 
in record o f performance tested herds. Can. J. Anim. Sci. 57, 339.

MARLOWE, T. J. 1964. Evidence o f selection  for the Snorter dwarf gene in 
ca tt le . J. Anim. Sci. 23, 454-460.

MARLOWE, T. J. 1982. Development o f beef ca tt le  performance testin g in the 
United States. P roc., 2nd World Congress on Genetics Applied to L ive
stock Production. Symposia ( I I )  Beef Cattle Genetics and Breeding 6b, 
399-404, Madrid.

MARLOWE, T. J. and ELLER, A. L . , JR. 1968. Culpeper ROP bulls compared to 
other bu lls in BCIA herds. VPI Res. Div. Rep. 126, 1243.

MARLOWE, T. J . , KINCAID, C. M. and LITTON, G. W. 1958. V irg in ia  Beef Cattle 
Performance Testing Program. Va. Aqr. Exp. Sta. Bui. 489.

NADARAJAH, K. 1985. Evaluation o f phenotypic and genetic trends in weaning 
weight in Angus and Hereford populations in V irg in ia . PhD D issertation ,
VA Polytechnic In stitu te  and State University, Blacksburg.

POWELL, R. L. and FREEMAN, A. E. 1974. Genetic trend estimators. J. Dairy 
Sci. 57, 1067.

SCHAEFFER, L. R ., ERICKSON, J. A. and WALTON, J. W. 1981. Weighted averages
o f s ire  progeny tes t for growth tra its  in record o f performance beef herds. 
Can. J. Anim. Sci. 61, 35.

SMITH, C. 1962. Estimation o f genetic change in farm livestock  using f ie ld  
records. Anim. Prod. 4, 239.

ZABEL, G. L. 1973. Methods o f estimating genetic and environmental time 
trends in beef ca tt le . Ph.D. D issertation, VA Polytechnic In stitu te , 
Blacksburg.

ZOLLINGER, W. A. and NIELSON, M. K. 1984. An evaluation o f bias in estimated 
breeding values fo r weaning weights in Angus beef c a tt le  f ie ld  data.
I .  Estimation o f within herd genetic trend. J. Anim. Sci. 58, 545.

429



W
EI

G
HT

 (
kg

)

■bCOo

WEANING WEIGHT
PERFORMANCE IN SIX GENERATIONS

GEN1 GEN2 GEN3 GEN4 GEN5 GEN6

GENERATION

ANGUS

[/ j/ j  HEREFORD

FIGURE 1. WEANING WEIGHT PERFORMANCE IN SIX GENERATIONS IN ANGUS AND HEREFORD CATTLE


	L04-INFLUENCE OF A QUARTER CENTURY OF PERFORMANCE TESTING ON ANGUS AND HEREFORD POPULATIONS IN VIRGINIA
	T. J. MARLOWE
	D. R. NOTTER
	K. NADARAJAH




